Cobalamin is essentially required for growth by Eugkna gracilis and shown to be converted to coenzyme forms promptly after feeding cyanocobalamin. Concentrations of coenzymes, methylcobalamin, and 5'-de- 
cine-2,3-aminomutase, in Phaseolus vulgaris, Solanum tuberesum, and Candida utilis. The subcellular location ofthis enzyme has not been known. Nobody has recognized the existence and function ofCbl in the chloroplasts ofhigher plants. In the present report, we describe the transformation and distribution of Cbl in Euglena cells after feeding CN-Cbl, and demonstrate the presence of functional forms of Cbls in chloroplasts. The probable function of Cbl in Euglena chloroplasts is discussed. (4, 380 mCi/mmol) and NaH'4CO2 (0.1 mCi/mmol) were purchased from Amersham International 'Abbreviations: Cbl, cobalamin; CN-Cbl, cyanocobalamin; Me-Cbl, methylcobalamin; HO-Cbl, hydroxocobalamin; Ado-Chl, 5'-deoxyadenosylcobalamin.
MATERIALS AND METHODS

Chemicals. [G-3H]CN-Cbl
Limited and authentic cold Cbls, Ado-, Me-, HO-, and CN-Cbl from Sigma. All other reagents were of analytical grade.
Orgnism and Culture. Euglena gracilis z was cultured photoheterotrophically under CN-Cbl-limited conditions (50 ng/l) according to Tokunaga et al. (32) .
Subcellular Fractionation and Purification of Chloroplasts. Partial trypsin digestion ofthe pellicle followed by mild mechanical disruption of Euglena cells and subcellular fractionation by differential centrifugation were conducted according to Shigeoka et al. (30) .
A suspension of crude chloroplasts obtained by the method described above was layered on the top of discontinuous Percoll gradients and centrifuged in a swing rotor (Hitachi RPS 6-2) for 30 min at 2,300g with a Hitachi 2ORP-5 refrigerated centrifuge. The gradients were prepared by layering into centrifugal tubes 1.5 ml each of 25 mM glycylglycine-KOH buffer ( Figure   1 . Total Cbl accumulated in Euglena rapidly reached plateau Figure 2A .
Location of CN-Cbl-binding activities and marker enzyme activities are given in Figure 2 , B and C, respectively. Succinatesemialdehyde dehydrogenase, a marker enzyme for mitochondria, gave a sharp peak ofthe activity in fraction 5, corresponding to an equilibrium density of 1.198 (29) , because both nuclear and cellular also has a growth requirement for Cbl (9) and Cbl can be replaced by methionine (12) . In Ochromonas, methionine is synthesized by a Me-Cbl-dependent enzyme (16) . Me-Cbl-dependent methionine synthetase has been found in some bacteria and higher animals (8) but, to date, has not been found in plants and Euglena.
Cbl, incorporated rapidly into Euglena, was distributed in cytosol, chloroplasts, mitochondria, and microsomes (Fig. 2) . This distribution is different from the one reported for E. gracilis (33) and 0. malhamensis (27) Me-Cbl act in chloroplasts chiefly soon after cellular uptake of Cbl. The results heretofore reported suggest that Me-Cbl functions as a cofactor of methionine synthetase in Euglena chloroplasts. The details of this enzyme and the use of synthesized methionine in chloroplasts will be described elsewhere.
